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5 April 1960 


MACHINE TRANSLATION* ITS PAST, PRESENT AND FUTURE 


Xo Why should we have Machine Translation? 

One of the great concerns of American science is how to keep up 
with the scientific accomplishments in countries where language barriers 
may prevent the direct evaluation of the scientific literature© American 
scientists are not known for their linguistic prowess, so they must depend 
on those few qualified llnguist-sclentlsts to interpret foreign language 
materials into usable form* In the case of the Russian language materials, 
the output of scientific writing amounts to 300 , 000,000 words per year# 

The distribution of these words is as follows » 

words/year 

words/year 
words/year 

words/year (journal articles 
only) 

words/year 

The above cited statistics were accumulated from the 1958 issues 
of KNIZHNATA LBT0PIS' (Book Annals) and LETOPIS* ZHUKNAL'NTKH STATE,! (Annals 
of Journal Articles), One is shocked by the fact that less than 2 % of the 
current Russian technical output is now being exploited in any way, i 0 e 0g 
translated, abstracted, extracted or summarised# With the removal of the 
burden of translation chores from the shoulders of the limited reservoir 
of technical linguists in the United States by the operational capability 
of machine translation, the time now spent in this endeavor can be re=> 
allocated to scanning of almost the total Russian language output to 
identify what is worth translating then turning the actual translation 
problem over to the machine# When we realise that the average technical 
linguist can translate only about 2600 words a day and the machine can 
and has handled 31*00 words in 6 minutes (translation from French to 
English) , the potentiality for machine translation becomes obvious# 

A concomitant benefit to the United States which cannot bit easily 
evaluated will be the elimination of the excuse of the American scientist 
that he needn't bother looking at the Russian language material because he 
can't read it axyway, and if he does look at the abstracting journals and 
identifies an interesting paper, he will have to wait months to get a 
translation made# 

II# History of Machine Translation: 

The first known references to the translation of natural languages 



Chemistry 26,000,000 

Physico-Mathematical 

Sciences 80,000,000 

Biosciences 1(1,000,000 

Geology and 

Geography 17,000,000 

Other sciences 136,000,000 
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,^ ese Paints refer to an automatic dictionary whic h was ne-w»» 

eSndenc^^^ 06 * after World War 11 811 exchange of cone- 

? lace b ® twe ®» Warran Weaver and Andrew Booth, the 
essence of which was — wouldn’t it be nice if we could translate 

SSU’ff'iaf J5 w*. u 

Y 88 nl * 0X1 the sub Ject of machine translation 0 The 

princip^. result of that meeting was the stimulation of interest and th« 

*** nlnds of 8uch linguists us 

w^°with UniTOI1Bityo Frofa Bostert set to 
a *“* niKa ® of financial support and the cooperation of IBM to 
see whether the proposition was feasible* In January 195h he demonstratad 

JEJm ^ *“ hi8tozy «* fact that trCSuon V mLS wS 

possible. His demonstration was limited by a vocabulary of 2i!o™^! ani 4 

to inS^t^eSierof^ 1 * 1, 8OTe f' a } fruatratin E expediences in attempting 
a crantTSm^rSnfif^r! 1 ??? 1111 ^ ?* 8 systew * Prof » Eostert received 
PoS^+<frT ^ Int8ll3 ’ g ^ nce Agency and the National Science 

P^ ^L*tt m *2 956 L 5 Until June these two agencies supported 
tw%h« sworko At that time the National Science Foundation decided 

°! 11116 work was thrust too heayilylowSToSS;: 

tional capability and not enough toward research in linguistics. It me 

f ° r **“ Foundation to continue to support this 
_ ®f“" JJ® CI J J ad “* urgent need for operational capability so the 

of^tranelatl^ P^ 601, was Erected toward an eariy production 

oi translation by machine* The processing of 500*000 word** of +ho 

i? 1 mn E «n^ temtU ^ °f organic chemistry resulted in a vocabulary of almnflt 

S5SS 

SsaLsrSFSt* 

t2rSr+i?% T? s f°L the next grant period it was decided to under- 
fcn *,«,+ . « translation of 30,000,000 words of Russian scientific literature 

is at this^Doint +>[ C +^u wfeet ^ er f ull«scale production was feasible <> It 
is at this point that the project now stands® 

XXX® The Present Situations 

rr tt 

the work maybe categorised into three groups. S^e Sf2Titt5S2^* 

guisScs^thout Publicly that they are doing research in lin- 

guistics wittiout the insnediate aim of accomplishing production transit 

Al ? th ? r S^onP of research centers is concentrating on word-fo«. 

^ ■«.“ STSM2SL 

! oi^Jcult to pin down, but according to the reported figures 
applicable to machine translation research exclusive of the work ^ 

+S ear I960 is approximately $2,000,000. The monies spent over 

the Past three fiscal peats sill average’eboSt ®1,?50 ,OoT^° JSK T 
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seems to us that with this amount spent, the government should now establish 
whether large-scale production is feasible. If it is so established, and 
we are certain it will be, the coordination of continued research will 
become easier and more meaningful. There is no question but what the United 
States must continue research in all scientific fields if it is to sustain 
a pre-eminent place in the world. Machine Translation is no exception. We 
sincerely hope that the results of the CIA-Georgetawn University attempt to 
go into production of translations by machine will not be taken to mean that 
the problem is completely solved and no further research will be nee ass ary «, 
Our firm conviction is that one of the several research projects in the 
field must prove operational feasibility now, and since the Georgetown 
project is generally acknowledged to be the furthest toward that goal, we 
are prepared to carry out the final step of proof. 

There is more concern over whether this step should be taken than 
is warranted. Some people have said that if we prove operational capab ili ty, 
the research money will dry up. We question the motives of such people 
toward their research work. Our contention is that unless such a proposition 
is carried through, the research is in jeopardy. 

IT. that about the quality of machine output? 

The quality of any product is the acceptance that that product 
has by its consumers. There has been argument among the various centers 
of research in machine translation as to who shall say when a maehi n* 
output is acceptable. All of the researchers are striving for as near 
perfect a product as possible. But we submit that the greatest enemy of 
progress is perfection. If the first approximation in production-level 
machine translation is acceptable to the people who are in need of such 
translations, we believe that we have a useful product. Attached it© this 
paper are samples of machine translation of a text selected at random and 
processed by Georgetown University. Comparison between the actual machine 
output and a cursory editing, or as we prefer to call it, revising Job and 
a translation of the same article made by a human translator manif estly 
demonstrates the quality to be expected. 

There are some who refuse to accept the machine product ns a 
"translation" and refer to the final revision as machine-aided, human- 
postedited translation. By the same token then translations now pro* 
duced commercially and in the translation centers of government should 
be called human-translated, human-postedited translations, the quality 
of information transfer in which is very considerably below the machine 
product. No amount of argument on our part will ever settle the point, 
however. 

To What about the future of machine translation? 

As may be induced from the above recitation, we believe in 
machine translation as an instrument in the understanding of scientific 
progress in the world without the sacrifice of linguistic integrity. 

The Director of Central Intelligence, Mr. Allen W. Dulles, in a letter 
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to the Director of the National Science Foundation dated 29 February 

Op s&id| 


It is our opinion that much is to be gained by the early 
development of a machine capability for translation. The 
National Security can be well served if we have a vailable 
the scientific and technical literature of the USSR in 
English for detailed analysis as early after publication 
as possible, 

“The objective of this research would have as its primary 
aim the resolution of accurate lexical transfer between 
the source language and the target language and the develop- 
ment of a method for syntactic rearrangement in accordance 
with the requirements of the structure of the target 
language, be are sure that the addition to our understanding 
of language and syntax will be a bonus effect,* 


Everything which Mr* Dulles said in this letter written four 
years ago has proven to be accurate o Mush of the concern which the 
American people had over the scientific achievements of the USSR could 
have been prevented had they known of the direction of research in 
chemistry* astronautics and coaEsunic ationa contained in the openly 
published literature of the USSR, Setae of the concern was false and 
generated by headline seeking journalists or pseudo-scientists, but the 
point remains valid that if the American people had available the scion- 

S *!!?“ ??““ “"V"*** baen “ because m uoiild have 

knewn of the direction of the research and the probable imminence of 

success. Necessary counteractions would have been taken by instituting 
research programs in the United States to anticipate or predate the same 
successes* 


v future of machine translation suggests a center to be operated 

^ ° r *° n of , the government where rapid, accurate trans- 

lation of materials from foreign languages to English can be accomplished, 

Si ,f* e ! e8 ^°? for the futur8 to the establishment of a National 
Institute of Language Sciences using the National Institutes of Health as 
tee model. Such an organisation could deal with all the problem associated 
with human ^communication. Divisions In the Institute would attack tee 
problems of mechanical linguistics, pedagogical linguistics, cultural 
linguistics, psychological linguistics and lexicology, 

- m , T !* e technical Linguistics would handle the problems 

translation, language data processing for storage and retrieval 
nxormatlon, machine abstracting, oral language interpretation by 
machine, and mathematical linguistics. The Division of Pedagogical 
Linguistics would be concerned with tee methodology of language teaching 

n + ■. teaChing /” laterial8 for 1688 Images, tto 
L* met f”lanpage (or comma, language), and the maintenance of 
languap research centers abroad. The Division of Cultural Linguistics 
would have as its goal the establishment of methods of inter=cultural 
communication, literacy programs, cultural semantics, and emerging 
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Pf^^f* 2 ? 9 Psychological Linguistics would be studied the 
? etWe ® n lan f uftge « d activation, language and mental 
derangements, language and moral values, and the psychology of language 
learning. The last division would be concerned with l e xicology with 
?*^ cu i ar ® n P haais the collation of scientific and technical 
terminologies o For further development of this idea, we refer you to 
Prof* Leon E* Doe tart whose original concept it is® 

,,«„■» 1 R 7 < , then » wc Relieve that machine translation will become 

the usual method of transference of ideas from one culture to another. It 

throu f h ® ome of the same types of scepticism which simultaneous 
W l nt 15 y*" 8 «8°* Since the leading proponent©? 

° f lan f U * ge P 1 * 006 ® 8 ^ w «s the same man, Prof, 
S? kfj* the probability of success in machine translation is the same as 
has been demonstrated with simultaneous interpretation. 
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Annex A 


Machine Translation of Russian 
.. to English 


, . attached appendices were made from a randonlv bbIaa+ah 

& g** 1 ° f putlSSd l£ tte 


Appendix 1 - The original Russian article » 

Appendix 2 =» The actual machine outputs 

Appendix 3 - The revised machine output as we would 
expect to publish such products* 

Appendix ii * The control translation for comparison 
with the machine outputs 
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M. H. CaMCOHOBa 


peaKUHH ot 350 ao 500 3 bmxoa a AKHAiipoBaHHbix cpCHOAOB BoapacTaA nom« 
b 3 paaa h AOCTuraA 68° „ (b pacqeTe Ha (penoAhi KOH 4 eHcara). OrmiMaAb- 
hn8 BbixoA HettTpaAbHbix npo4VKTOB KOHjeHcayHK 6 ua nOAyqeH npH 42CP 
h cocTaBAHA 23” „ (b pacneTe Ha Becb KOtueucaT). 

AAKHAHpoBaHHbie (peHOAbi, noAviemibie npH Tpex HCCAe4yeMbix TeMnc- 
paTypax, npe 4 CTaBAflAH co6oti CMecb npoii3B0 4 Hbix cpeiiOAa, coAep^aLgyio 
KpeaOAbl, KCHACHOAbl H 6oAee CAO>KHbie np04VKTbI. KoAHMeCTBO nOC AP4HKX 
3aMeTHo B03pacTaA0 c yBCAH^eHiieM TeMnepaTypbi peaKymi. Cwccb a akhah* 
poBaHHbix (penoAOB, noAy i iciiHaH npH 350% co4ep>naAa 32% o~Kpe30Aa. 

B npo4yKTax aAKHAHpoBanHH, noAvneHUbix npii 420\ ycTanoBACHO npucyr* 

cTBHe o- h Af-KpesrjAa. Ha tpenoAbHOfi bacth KonAcucaTa, noAy mchhoto npH 
500°, Bbi4eAeHo He3iia i iiiTCAbHoe koahmcctdo o-Kpe30Aa h 3,5-4HMeTKA$e- 
HOAa. OcHOBHaa Macca (peHOAOD, noAY^ennbix tipn 3Toit TCMnepaType, co- 
CTOHAa H3 BblCOKOKHnHIJU.HX CAO>KHbIX np04YKT0B 3 AKU MipODBHHJI. 

B HeitTpaAbHoK qacTH kohachcbtoh, iiomhmo cnwpTa h boam, o6Hapy- 
H^eHbl aiIH30A. 0-MeTHAaHH30A H rCKCaMeTH A0CH3OA, B HandoAbweM KOAK- 
qecTBe (60.8% b pacMCTe Ha HefiTpaAbnoe macao) ainiaoA 6 wa noAy<iCH 
npH 420°. MaKCHMaAbiibift dmxo 4 reKcaMCTHAOCnaoAa (14°. ,,) noAyMaeTca 
npw 500°. Koakhcctbo 0-MeTHAaHii30Aa on Bcex CAyuaax iieanamiTCAbnoe. 

9KCI1EPHMEHT AAbHAH MACTb 
B peayAbTaTe KaT8AHTH i iecKott KOHAeiic&igHH (JjeHOAa c MeTiiAOBbiM cnup- 

TOM Ha4 aKTHBUpOBaHHOfl COAHHOft KIlCAOTOtt rAHHOft-rywSpHHOM noAyMenbi 
4 ByCAOfiHbie KOHAencaTbl. Bo4HbIH H MaCABHbltt CAOH pa34CAflAHCb, OT Ka- 
KAOrO CAOH OTrOHHACH npOAyKT, KHIIH1IJHH 4« 100% MaCAHlIHCTblH OCTa- 
TOK, KHnfliiiHit Bbirne 100% MHoroKpaTiio SKCTparnpoBaACH 10% NaOH. 

IloAyHeHHbie CjjeilOAHTbl H3B AeKaAHCb atpHpOM 4AH OCBOOO>K4CHHH OT MaCTHMHO 

yBAeneHHbix yjeAOMbK) HeftTpaAbHbix MaceA h pasAaraxwcb pasCanAeHHoft 

h 2 so 4 . 

riocAe BbicyuiHeaHHH 9(J)HpHoro pacTBOpa h y 4 aAeHHH atpapa noAyMa- 
Aacb CMecb ipeHOAOB, KOTopaH 3aTeM noABepraAacb qjpaKyHOHHpuDannK). 
4o 182° OTrOHHACH HenpopearHpoBaBUiHil (penoA. ^aAee Ha koaohkc (ppax- 

LJHOHHpOBaAHCb np0H3D04Hbie (peHOAa. (teHOAbl aHa AH3HpOBaAHCb M6T040M 
a P HAH P OBaHHH[ 15 ]. IloAyHeHHbie KpHCTEAAHHeCKHe a pH AT AHKOACBbie KHCAOTbl 
pa34eAHAHCb 4po6HOfi KpHCTaAAH3auneB. 

B npoy,ecce paCoTbi 6 wao ycTEHOBAeHO, hto KaTaAH3arop nocAe ltt-’ia- 
COBOfi pa6oTbI TepHA CBOIO aKTHBHOCTb HOHTH Ha 30%. TaKSH 4C38KTH B8" 
UHH K3TaAH3aTOpa Bbl3bIBaeTCH, BepOHTHO, OTAO/KCHHHMH CMOAHCTblX OCTaT' 
KOB h yrAH Ha ero nouepxnocTH, b peayAbTaTe Hero nonef xnocTb Ka T a ah - 
aaropa cTaiiOBHTCH He4ocTyniiofi aah pearnpyioHjHX BeLgecTB. Bo acex 
oiibiTax nocAe 6-qacoBOH pa6oTbi KaTaAHsaTop perenepHpoBaAca nyreM 
npoAveanuH nepea pcaKUiimmyK) TpyOny B03 4 yxa np H TeMneparype 35U . 
ifocAe 18-Haconoa P a6o T bi b peaKUHomiyio Tpy6 K y noMeijjaAacb cbokeh 

nopuHH KaTa Aii3aTopa . a 

Hcxo^HbiMH DeifiecTnaMii cavjkhah CBOKCHCperiiaimbiB BbicymeHHbiB H>e 

hoa h nepeniamibiit MeTHAonb.it cnHp T 

AAKHAHpoBaHiie II pH 350 . Hcxoaimh CJiecb. 365.4 r 4> • • 

746 r MCTHAOBoro cimpra. Hocac otacachhh iiefirpa aoiioix [ipojyKTOR 
HCHnMOiiei.i.oro ifci.oAa iioAyi.co 38 p <pe,n,Ab„oro „P-MyKTa c t. 
V')_210- II 159 r ncfiTpa.Miiioro Mac.\a, kiiiisujci-o » rpaimuax 132 2.>0 • 

R neanbTBTO dipaKUiioHiiponamin na koaohkc iia (peiioAbiiofi cmcch i»wa • 

“S c t P Kiin. 187- 189 . n.«y,e„„.« „a hact,. J.paKU..- 

0-KP-OKC„yKCyCH<,fl K„- 

C AOTM (no AHTC paTV pHbIM AEIlHblM, 152 ). 
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Journal of general Chemistry 27 » 2697 ~ 9 (1957) 

The Catalytic Alkylation of Phenol 
by Methyl Alcohol 

I. 9. Samsonov 

Machine Translation revised by Paul W. Howerton 

A series of works was dedicated to the catalytic alkylation of phenol 
by secondary and tertiary alcohols (1-8). Attempts of catalytic alkylation 
of phenol by alcohols led to negative results (2,3,9) or they were accompanied 
by insignificant yields (10-13). For the alkylation of phenol by methyl 
alcohol, best results were obtained on the activated catideB of aluminum (l4). 

We studied the process of alkylation of phenol by methyl alcohol over 
activated natural alumnosilicate as catalyst - guobrin clay - at atmospheric 
pressure in the usual apparatus used for the investigation of vapor phase 
catalytic reactions In a circulating system. As & result of the reaction, 
there were obtained liquid and gaseous products. A two-layered liquid 
condensate, besides the starting substances which did not enter into the 
reaction, contained water, alkylated phenols and neutral reaction products. 

For clarification of the relations of the yield of the alkylated products 
with temperature, an accumulation of condensate for analysis was carried out 
at 3 temperatures (350, 420, and 500°), at a molar ration of phenol to methyl 
alcohol of 1-6, and at a feed rate of the initial mixture equal to 8-10 ml. 
per hour over 100 ml. of the catalyst. With an increase of reaction temperature 
from 350 to 500° f the yield of the alkylated phenols increased almost 3 times 
and amounted to 68$ (based on the phenols in the condensate). The highest 
yield of the neutral condensation products was obtained at 420° and constituted 
23 $ (based on total condensate). 
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Alkylate phenols, which were obtained at the 3 teaperaturee, represent* 
a mixture of derivative. of phsnol containing cresols, xjlcoole end more 
T w products. The amount of the latter noticeably Increased with an 
increase In re*tlon tmnperatura. A mixture of alkylated phenol, obtain.1 at 
350° contained 32)1 o-cresol. From the products of the alkylation obtained at 
420°, the presence of o- and m-cresol w» established. From the phenolic parts 
of the condensate obtained at 500°, an insignificant amount of o-cresol ind 
3,5-dlmethylphenol was Isolated. The basic mas. of the phenols, which was 
obtained st this temperature, consieted of the hlgh-boillng complex products of 

the alkylation. 

In the neutral parts of the condensates, besides alcohol, anlsole* 
o-methylanisol* and hexa^thylbenzene were discovered. The maximum queotity 
(60.8*~ba«ed on the neutral oil) of anieole was obtained at 420°. The maximum 
yield of the hexametbylbenzene (lk%) is obtained at 500°. The amount of 

o -me thy lan! sole was in all cases insignificant. 

The Experimental Part 

As a result of catalytic condensation of phenol with methyl alcohol over 
gumbrin clay activated by hydrochloric acid, two-layered condensates were 
obtained. The aqueous and oily layere wore separated and from each layer 
a product was distilled which boll, up to 100°. Tbe oily residues which boil 
above 100“ were extracted repeatedly with 1 Of, UeOa. The obtained pbenolste. 
were extracted with ether for liberation from neutral oils partially occluded 

by the alkali and washed with dilute 

After drying the ether solution and removal of the ether, there was 
obtained a mixture of phenols which then was subjected to fractionation. 
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Up to 182° the non- reacted phenol was distilled. Than the derivatives of 
phenol were fractionated. The phenols were analyzed by the arylation 
method (15). The obtained crystalline arylglycolic acids were separated by 
fractional crystallization. 

In the course of the work, it was established that a catalyst after 
18 hours of operation lost almost 30$ of its activity. Such deactivation 
of a catalyst Is probably caused by the deposits of the tarry residues and 
carbon on its surface; as a result of which the catalyst becomes inaccessible 
to the reacting substances. In all experiments, after 6 hours of operation, 
the catalyst was regenerated by blowing air through the reaction tube at 
350°. After 18 hours of operation, a fresh portion of catalyst was placed 
into the reaction tube. 

As starting materials, freshly distilled, dried phenol and distilled 
methyl alcohol were used. 

Alkylation at 350°. The initial mixture. . .365.4 g. of phenol, ?k6 g, 
of methyl alcohol. After the separation of the neutral products and unchanged 
phenol, 38 g. of phenolic product were obtained with b.p. I82-21C° and 159 g. 
of a neutral oil which boils between 152-250°. As a result of fractionation 
from the phenolic mixture 11.5 g. of a fraction were isolated with b.p. 18T-I89 0 . 
Arylglycolic acid was obtained from parts of the fraction after recrystal lizat ion 
with m.p. 151-152° which corresponds to the m.p. of o-creeoxyacetic acid 
(according to the literature - 152°). 

from the neutral oil there were Isolated; 

1) Anlsole (48-5 g. )..b.p. 155°, a 2 £ l»5l62.d 2 £ 0.9884 

found M.VJ. 108, 109.5. C^HgO. Calculated H.W. 108 
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2) o-Metbylanisole (11 g.)..b.p. 170-172 , n D 1.5190, d 4 0.9050 

Found M. W. 122, 125. CJ 0. Calculated M. W. 122 

o 10 

3) Hexanethylbensene (4.8 g. )..long needles m.p. 164-166° 

(according to the literature - 166°) 

Found M.W. l6l, 165. Calculated M.W. 162. 

Gaseous reaction products contained 12. 4£ 32$ COg, 10.8$ CO, 

9«2$ CL. 

0 <cll 

Alkylation at 420°. The initial mixture.. 305 g* of phenol, 623 g. 
of methyl alcohol. After the separation of the neutral products and unchanged 
phenol.. 36 g. of a phenolic mixture vere obtained with b.p. 182-224°. As a 
result of the fractionation of the mixture, two fractions vere isolated in 
•which was shown the presence of isomeric ere sols . A fraction 189-191° (6 g.) 
contained the o-cresol. The melt leg point of the obtained arylglycolic acid 
was 151-152° (according to the literature - 1520). A fraction 200-203° (28 g.) 
contained m-cresol. The melting point of the arylglycolic acid was ICO- 103° 
which corresponds to the m.p. of m-cresoxyacetic acid (according to the literature 
- 103°). 

The investigation of the neutral oil (128 g. ) shoved that it contained 
anisole (62 g.), o-methylanisole (7-5 g.) and hexaoethylbenzene (7 g* ). 

Alkylation at 500°. The initial mixture.. 305 g. of phenol, 623 g. 
of methyl alcohol. After preliminary treatment of the condensate, 105.5 g. 
of a mixture of alkylated derivatives of phenol vere obtained with b.p. 182-233° 
and 12 g. of phenols with b.p. above 233°. As a result of the analysis of the 
phenolic mixture, the presence of an insignificant amount of o-cresol was 
established (the m.p. of the obtained o-creeoxyacetic acid 151-152°) and of 
3 , 5-dime fchylphenol (the m.p. of the obtained arylglycolic acid - 84-86°). 
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A neutral oil (36 g.) contained anlsole (23.5 g. ) # o-methylanlsole 
(7 g.) and hexamethylbenzene (14.2 g. ). 

Conclusions 

A mixture of methyl alcohol with phenol at 320-500° over a natural 
alumnos 111 cate catalyst - a gumbrin clay - forma alkylated derivatives of 
phenol and neutral products. 0- and m- ere sols and 3,5-dimethylphenoI were 
isolated. The neutral reaction products contain anlsole , o-methylaiULsole 
and hexamethylbenzene. 

(References not revised) 
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Journ al of Oonm l Chojatetra T(\ 2697-9 (19?7) 

* W atton Of Phenol 

a ita Ha&yl TO cJiyP 

.1 . li Gmwonuvft 
translated fhw the Russian 
by F*uX W„ Howerton 

A of work® have boon dented to the catalytic atkylstton of phenol 

wish seeoudsry end tertiary eloehol* 0-81. Attests at sstslytl* alkylation 
at phenol with prlnery alcohols led to m^Ut* result* or resulted 

in Insignificant yield. (10-13). For the alkylation of phenol vith «*tbyl 
alcohol, the best resolt* were obtained, on activated alurtikw* o*M« OL), 

rf# * twii40d th * P rmc -«** Of the alkylation of phenol with mtbcfl alftohol 
mw an sweated natural elueosUloete e*t*ly*t - tpmhrln clay . *4 «tM- 
sb * rt * pressure In the utoal apparatus need for investigation 0 f m.par phase 
catalytic reactions in a circulating syste*.. Ag * result of the reset! on. 
li^id «*i gaseous pmdwst* verc obtained, 7%* liquid. * tee- layered eonJen- 

*®** d «» wearied starting materials, contained ueter, alkylated phenols 
sail inert- reaction prodoets. 

To deter nine the dependent}* of the yield of alkylated promts on temper- 
ature, &*> accusnilAtlon of condensate for analysis area produced at three -t«n» 

(350, *20 end 500°), #t a ml* ratio of phenol «r4 «.<%! alcohol ef 

1k 6 and ml* of feed of the starting ad.3rt.jre equal to 8-X0 ml . per hpetr over 
i0 ° *1, of catalyst. ' With era Inert*** of reaction tenure tore fmn l|?(f to 
' ,0 ° the yield of alkylated, phenols Increased alnost 3 ti*** «t>d reached 68* 
ihsasd. on the phenol* of the enorfeoeste) - the pptiww* yield of inert condan- 
® atitm products wm obtained at !,?0 & and seated to {****, th9 vt)im 
ef the condensate) •. 
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Th® alkylated phenols obtained at the three investigated temperatures 
were a mixture of phenol derivatives containing creeds, xylenols and more 
complex products., The quantity of the latter increased markedly with 
increased reaction temperature* The mixture of alkylated phenols obtained at 
350° contained 32? o-eresol. In the alkylation products obtained at h20°, 
tfea presence of o- and »=eresol was established. FVoa the phenolic part of 
the condensate obtained at ?00°, a small quantity of o-ereool and 3,5-diaethyl- 
phenol was isolated. The bulk of the phenols obtained at this temperature 
consisted of high-boiling complex alkylation products. 

In the inert part of the condensates , besides alcohol and water, anisole, 
o-aethylanieole and hexamethylbeneene were found,, Anisole was obtained in 
greatest quantity at k2Q & (60,8? based on the inert oil). The maximum yield 
of hexametfaylbensene (lli?) was obtained at 500°. The quantity of o-methylani- 
sole in all cases was small. 

Axp erlmantal Part 

As a result of the catalytic condensation of phenol with methyl alcohol 
over hydrochloric acid activated gumbrin clay, two- layered condensates were 
obtained. The aqueous and oily layers were separated and a product boiling 
to 100° was distilled from meh layer. The oily residue boiling above 100° 
was repeatedly extracted with 10? KaOH. The obtained phenolates were 
extracted with ether to free them from the slightly alk&li-iwsreassd inert 
oil and washed with dilute HgSO^. 

After drying of the ether solution and removal of the ether, a mixture 
of phenols was obtained which was then subjected to fractionation. At 182° 
tha unreaoted phenol was distilled off. The derivatives of phenol were frac- 
tionated on the column later. The phenols were analysed by the method of 
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arylation (15) , The obtained crystal line srylglyooXle acid was isolated by 
fractional crystallization <> 

In the course of the work it was established that after 18 hours of 
operation the catalyst lost almost 3056 of its activity. Such deactivation 
of the catalyst is probably caused by deposits of oily residues and carbon 
on its surface, as a result of which the surface of the catalyst be® ones 
inaccessible to the reacting substances „ In all experiments after 1 6 hours 
of operation the catalyst was regenerated by blowing air at a temperature of 
350° through the reaction tube, After 18 hours of operation a fresh portion 
of catalyst was placed in the reaction tube. 

Freshly distilled, dried phenol and distilled aalfeyl alcohol served as 
starting materials, 

Alkylation at 350^, Starting Mixture* g„ of phenol, 71*6 g, of 

methyl alcohol. After separation of the inert products and unreasted phenol, 
38 go of phenolic product with b„ p. 182-210° and 159 g, of inert oil boiling 
in range of 152-250° were obtained. As a result of fractionation on a column, 
11,5 g, of a fraction with b, p. 187-189° was isolated from the phenolic mix- 
ture, The arylglyoolle acid obtained from part of the fraction after reorys- 
talllaation had a a»,p. of 151-152° which corresponds to the melting point of 
o-cresoxyaseil® acid (according to the literature, 152°) „ 

From the inert oil there were isolated t 

1) A mi sole CU8„5 g)t b„p, 155°, n 2 8 1,5162, d 0„98Qlt o 
Found* M,W,108, 109,5, Cyi 0 o Calculated* M.W. 108 

2) o-Nathylanisole (llg)» b,p, 170-172° , n *8 1,5190, d ? £ 0,9850, 

Found* M„W, 122, 125, <5 H 0. Calculated* M,W, 122, 
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3) Hdxametlsyibenaene (U„ 8 g} ~ long needles, m,p„ 161**166° (tcoordli^ 
to the literature, 166 °) . 

Founds M„W C 161, 165* C H ^ 0 Calculated s M 0 W„ 162. 

l£ 18 v 

Hw gavecm# product# of th# roaotlon contained 1 2.h% H , Vi CO 10 Jti CO, 

9.n C„ 

Alkylation at k20°. Starting mixture* 305 g. of phenol, 623 g. of methyl 
alcohol* After separation of the inert product® and unreaeted phenol, 36 g of 
* ph#at,Uc with a b p, of 182-221*° was obtained. As a result of frac- 

tionation of the mixture, two fractions were isolated in which the presence of 
isomeric cresols was proven. The 189-191° fraction (6 g) contained o=cre«ol, 

The melting tenpercture of the obtained srylglysolio acid was 151 - 152 ° (accord- 
ing to the literature, 152°). The 200-203° fraction (2,8 g) contained a-cresol. 
The welting temperature of the arylglycolic acid was 100-103° which corresponds 
to the melting temper* tore of a-eresoatyacetic acid (according to the literature, 
103°) . 

investigation of the' inert oil (128 g) indicated that It contained anisole 
(62 g), o-a»thyl«Mscle (7.5 g) and hex&metfcylbemane (7 g) c 

Alkylation at 500° * Starting Mixture* 305 g of phenol, 623 g of methyl 
alcohol „ After preliminary treatment of the condensate, 105„5 g of a mixture 
of alkylated derivatives of phenol with b.p, 182-233° and 12 g of phenols with 
b pc atKms 233 ° "*?« obtained. As a result of analysis of tbs phenolic Mixture, 
the presence was established of a small quantity of o-creaol (selling ie^era- 
ture of obtained o-cresoxyacetie acid, 151*152°) and 3.5~diweth<ylphenol (melting 
temperature of obtained arylglyoolic acid 8b~86°), 

The inert oil (88 g) contained anisole (28,5 g), o-wathyl «ni sole (? g) 
and hexsnethylbensene (li *„2 g)„ 
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* * - 5 ■” 

Conclusions 

A adbcium of nsthyl alcohol with phenol at 320*500° over a natural aluao 
^AlAcate cat&lyat « jjaftrtB clo'/ « prodtasos alkylated derivative# of phenol 
aad. 'Inert product ta, 0- and a-«r«#ol and 3 , 5*dl*othylphenol were isolated „ 

The inert products of the reaction contain sniao'ie , o^nethylanisol© end 
hexaMethylbensesse . 


literature 

Cl) P. FAwsher, Orttwaer, Ber. , 26 , 161*6 (1893) 

(?) A, Chiohibabin, lav. AKSS3R , TO series, 951 (1935) 

(3) He Meyer, S„ Benshatser, Mgoatsoh , , 5^2», 721 (1929) 

(U) J„ Sears, J. Otk„ Chea .,, 1^, 120 (191*8) 

(5) I. Tsvksnranik, Z* Kaaarwm, J, Pen, Chea .,, 5, ?6? (1935) 

(6) R* &8tan, M, Hsieh, J, An., Chern, Soc . t £8, 1*39 (1936) 

(?) R. Has too, Lsttgdoo, Snyder, J, As, Chew,, 3oe . ?0, li*?l* (19l*8) 

(8) la Tsukerreaik, 7, Taabovtseva , J« Qeti, Chen . 15 , 820 (191*5) 

(9) A 0 Idebaann, Bgro, ]Ji s 181*2 (1881)* 15, 150, 51*7 (1892) 

(10) H, Auer, Bar,, 1?, 670 (1881) 

03.) Brlner, PI an, Paillard, Ch c A t , 19, 261*8 (1925) 

(12) ¥„ t„ Ipat fi sw, B„A 0 Orlov, A„B, Petrov, J, Hass, Phya. Chen. So®. 59 , 

181 , 51*1 ( 192 ?) 

(13) 0. Hinsberg, 2blo, 1932 , 1, 2091*. 

(ill) Ho Cullinane, Chard, £. Cheat,, Soo . 191*5 . 821 
(15) ifclsaan, Pilat, Brean. Oh., 20, 1*03 (1930). 


Received by the Editor 
30 October 1956 


Leningrad State 
Obiversity 


Approved For Release 2004/01/15 : CIA-RDP64-00046R000200030001-5 



Apprrtx/ Pri . .« 

r I T UNCLASSIFIED 1 | CONFIDENTIAL 1 T SECRET 


Central Intelligence Agency 
OFFICIAL ROUTING SLIP 


TO 

NAME AND ADDRESS 

INITIALS 

DATE 

1 


4 *- 


2 


5 

1— fc % — 1 

3 


O 

2 

^rc^T' 

4 




5 




6 





ACTION 


DIRECT REPLY 


PREPARE REPLY 


APPROVAL 


DISPATCH 


RECOMMENDATION 


COMMENT 


FILE 


RETURN 


CONCURRENCE 


INFORMATION 


SIGNATURE 





Remarks : 


5~ /?/>*. 4 s it- 

t/~ C^rz^-o ^ /uOS 


FOLD HERE TO RETURN TO SENDER 


FROM: NAME, ADDRESS AND PHONE NO. 


Approve( |H ^^^^m i / 1 ^ : C|A-aPf^^^ftiiR0p02^09^ SSg5 


FORM NO. 007 
I APR 55 ^01 


Replaces Form 30-4 
which may he used. 


(40) 

U. S. GOVERNMENT PRINTING OFFICE : 1955 —0-342531 





